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TECHNOLOGY DEVELOPMENT AND APPLICATIONS AT FERNALD 

Paul J. Pettit, Ph.D., Fernald Environmental Management Corporation 
Michael C. Skriba, Fernald Environmental Management Corporation 
Rodney D. Warner, Department of Energy, Fernald Area Office 

ABSTRACT 

At the Fernald Environmental Management Project (FEMP) northwest of Cincinnati, Ohio, the 
U.S. Department of Energy and contractor Fernald Environmental Restoration Management 
Corporation (FERMCO) are aggressively pursuing both the development and the application of 
improved, innovative technology to the environmental restoration task. Application of emerging 
technologies is particularly challenging in a regulatory environment that places pressure on 
operational managers to develop and meet tight schedules. The regulatory and operational needs 
make close communication essential between technology developers and technology users 
(CERCLA/RCRA Unit managers). At Fernald this cooperation and communication has led, not 
only to the development and demonstration of new technologies with applications at other sites, 
but also to application of new technologies directly to the Fernald clean up. New technologies 
have been applied to improve environmental safety and health, improve the effectiveness of 
restoration efforts, and to cut restoration costs. 

The paper will describe successful efforts to develop and apply new technologies at the FEMP. 
and will emphasize those technologies tiiat have been applied and are planned for use in the 
clean up of this former uranium production facility. Assistant Secretary of Energy Thomas P. 
Grumbly has emphasized the application of new technology to environmental restoration as an 
important key to cleaning up DOE facilities more quickly and cost effectively. Saving money 
through improved technology meets a strong need during these times of limited budgets. 
The paper will summarize a range of technologies being developed or applied at Fernald but 
which may be applicable to many other DOE sites and commercial locations. These include a 
robotic trimmer/excavator to reduce risks in treating high level tank wastes, soil washing and 
supporting technology, real-time instrumentation that reduces characterization and sampling 
costs, first-of-a-kind development of horizonal grout barriers, controlled detonation for cost-
effective and safe demolition of contaminated buildings, minimum additive waste stabilization 
for more efficient and cost-effective stabilization of multiple streams of radioactively 
contaminated wastes, post closure monitoring technologies, solid block modeling, and advanced 
decontamination technologies. 

The authors will bring together in one paper the perspectives of both technology developers and 
technology users, and will outline how Fernald has successfully overcome obstacles to achieve 
an aggressive, productive Technology Program. Managers responsible for remedial actions have 
a paramount need for technologies with ascertainable performance, cost, and schedule, while 
managers responsible for identifying and developing innovative technologies must maintain a 
balance between the role of independent advocate and the role of "partner" with operations 
managers. 

In addition to introducing Waste Management '95 attendees to the new technologies emerging 



at Fernald, this paper will conclude with lessons learned about specific technologies and 
management/development methods that can be applied by other projects facing cleanup under 
stringent operations needs and compliance deadlines. 

INTRODUCTION 

At the Fernald Environmental Management Project (FEMP) northwest of Cincinnati, Ohio, the 
U.S. Department of Energy and contractor Fernald Environmental Restoration Management 
Corporation (FERMCO) are aggressively pursuing both the development and the application of 
improved, innovative technology to facilitate the mission of the site environmental restoration. 
The FEMP is a DOE-owned, former uranium production facility which is in the early stages of 
restoration operations. 

Implementation of new technologies to restoration operations is particularly challenging in the 
current regulatory environment that places pressure on operations managers who are legally 
bound to meet tight remediation schedules. Managers responsible for remediation (technology 
users) have a paramount need to use methods with ascertainable performance, cost, and 
schedule. Although new technology can offer the potential to substantially reduce cost and 
schedules, remediation managers frequently are reluctant to entertain risks associated with new 
approaches. Because of the potential for improvement, a comprehensive restoration effort, such 
as the one at Fernald, employs technology developers whose role is to act as independent 
advocates and promote the use of new, improved technological approaches. The challenge is 
to maintain a balance between technology user and technology developer that achieves the most 
advantaged restoration effort. 

At Fernald technology users and developers have achieved a special communication and 
cooperation that has led to the development, demonstration, and application of new technologies 
directly to the Fernald environmental restoration effort. Innovative technologies have been 
applied to improve environmental safety and health, improve the effectiveness of restoration 
efforts, and to cut restoration costs. 

This paper describes successful efforts to develop and apply new technologies at the FEMP and 
emphasizes those technologies that have been applied and are planned for use in the restoration 
of Fernald. The application of new technology to environmental restoration is an important key 
to cleaning up DOE facilities more quickly and cost effectively. Saving money through 
improved technology meets a strong need during these times of limited budgets. 

This paper presents the perspectives of both technology developers and technology users, and 
outlines lessons learned on how Fernald has successfully overcome obstacles to achieve an 
aggressive, productive, user-oriented technology program. 
MINIMUM ADDITIVE WASTE STABILIZATION 

The Minimum Additive Waste Stabilization (MAWS) demonstration, which was conducted at 
Fernald during calendar year 1994, is illustrative of a number of key issues in the coordination 
of technology development and environmental remediation. Vitrification has been widely 
identified as a preferred method for stabilizing high-level radioactive waste. At the time the 



MAWS demonstration was initiated no vitrification plant was operating in the United States, 
however, vitrification was considered a potential technology for application at Fernald. 
Demonstration of feasibility was necessary to gain the commitment of operations management, 
regulators, and engineers to proceed with this technology. 

The MAWS demonstration plant was built at Fernald to treat as many waste streams as possible 
from the contaminated areas of the site, while minimizing the addition of non-contaminated 
materials to the vitrification process. The primary waste stream processed was comprised of 
sludge from Fernald waste pits. Pits 3 and 5 contain approximately 350,000 cubic meters of 
residues from uranium ore processing. To provide the properties required for satisfactory 
classification of this sludge, a source of silica was needed. Fernald's uranium-contaminated soil 
provided a suitable source for this ingredient. To maximize recovery of non-contaminated 
materials, soil washing technology was employed. Contaminated soil was treated to concentrate 
the uranium-bearing fraction with the silica-bearing fraction, and to separate these constituents 
from the bulk of the soil. The contaminated silica fraction was then blended with sludge from 
the waste pits and heated to produce glass "gems." These flattened marbles of black glass 
constituted a more stable waste form which was easily packaged and transported, more stable, 
and was significantly less volume than the original waste. In addition to the soil washing and 
vitrification furnace technologies, the MAWS plant incorporated an ion exchange waste water 
treatment system to recycle water used in the soil washing process. 

Before termination of the demonstration, the MAWS facility was processing at a rate of 300 
kilograms of glass output a day. The work demonstrated that waste pit volumes could be 
reduced by up to 70 percent, a substantial potential for cost savings. In addition, soil was 
cleaned to a condition allowing return of the clean portion as backfill for pits or other use. The 
sludge, which is classified as "mixed waste" for regulatory purposes, was converted to "low 
level waste." Mixed waste disposal costs run in the vicinity of $360/cubic foot compared with 
a current cost of under $20/cubic foot for low level waste disposal. 

The MAWS demonstration was conducted largely by the technology suppliers. GTS Duratek 
Corporation provided the vitrification furnace and waste water treatment system. Lockheed 
Environmental Management Systems Corporation provided the soil washing technology. 
Catholic University of American performed the glass composition development and testing, while 
Argonne National Laboratory conducted long-term durability and performance testing of the 
glass. FERMCO provided facility support, as well as technical and project support. 

In the CERCLA regulatory environment, Operable Unit (remediation) managers are driven 
primarily by schedules established under Consent Agreements. Although new or emerging 
technology may have the potential to improve schedules, reduce costs, or provide a better quality 
outcome, the remediation manager often faces a dilemma in accepting new technology. The 
remediation manager cannot commit to new technology until performance and cost aspects have 
been clearly demonstrated. For new technology to be applied, technology demonstration timing 
must accommodate the remediation manager's timing for preparing and negotiating the remedial 
action plan. The remedial action benefits from flexibility to allow the introduction of the new 
technology late in the process. CERCLA provides sufficient flexibility to allow the substitution 
of new technologies after approval and publication of the Record of Decision. Moreover, in the 



case of Fernald, the Ohio Environmental Protection Agency encourages the application of new 
technologies. The pragmatic implication of these circumstances is that technology development 
managers and remediation managers must operate on coordinated, parallel paths to pursue a 
common goal: improvement. 

VITRIFICATION PILOT PLANT 

Successful demonstration of vitrification through the MAWS project provided the validation to 
support selection of vitrification as the preferred alternative for stabilization of waste from 
Fernald's K-65 silos. Located within Fernald Operable Unit 4 (OU4), Silos 1 and 2 contain 
radium-bearing sludge which emits radon gas. A vitrification pilot plant to handle the OU4 silo 
wastes is currently under construction and is scheduled to begin processing material from the 
silos in late 1995. The plant will incorporate a new furnace concept to reach higher 
temperatures, "stretching" state-of-the-art electrode technology. The plant will also require 
integration of a system for handling radon off gases. Currently, carbon absorption appears to 
be the most promising technology for addressing radon, but alternatives need to be evaluated, 
as carbon systems have intrinsic deficiencies. 

SOLID BLOCK MODELING 

Solid Block Modeling technology has been used on the Fernald project to produce three 
dimensional images of subsurface contamination and geologic conditions. Using an Oracle 
relational database along with Intergraph CAD/CAM hardware and software, the FEMP has 
been able to map the contaminated groundwater plume, calculate volumes of contaminated 
material, and map layers of clay and sand to identify potential disposal facility sites. Application 
of Solid Block Modeling resolved the question of the primary source of aquifer contamination. 
The major contributor of contamination was identified as the Southfield Landfill. It also was 
established that contribution to the regional aquifer contamination from the solid waste landfill 
was minimal. 

The improved understanding of complex data interrelationships gained through application of 
Solid Block Modeling resulted in significant schedule and cost savings. Savings were amplified 
in 1994 when data acquisition was enhanced through use of a cone penetrometer. The Site 
Characterization and Analysis Penetrometer System (SCAPS) was brought to Fernald to provide 
characterization data for both OU1 and OU2 under auspices of the Uranium in Soils Integrated 
Demonstration and the Characterization Integrated Program, both sponsored by the Department 
of Energy Office of Technology Development. SCAPS is a modified cone penetrometer 
mounted on a truck which was specifically developed for use at environmental restoration sites. 
The unit pushes a two-inch diameter probe into the ground to gather geological information deep 
below the surface. 

The SCAPS assessed characteristics of waste in three OU1 pits and collected data needed for the 
Dewatering Excavation and Evaluation Program. For OU2, the unit gathered geological data 
on the eastern area of the site to evaluate geological conditions for potential siting of a disposal 
facility. The unit also conducted tests with a prototype radiation probe in the Fernald Southfield 
area, providing information to support further development of the technology. The cone 



penetrometer project at Fernald demonstrated an effective partnership of field application in 
parallel with technology development. Both parties, user and developer, profited. The OU1 and 
OU2 managers each obtained valuable data, while the developers were able to demonstrate the 
feasibility of the penetrometer under radioactive field conditions. Companion data were obtained 
by standard geophysical methods for comparison with the cone penetrometer results. By 
replacing slower laboratory analysis of samples with real-time field analysis, the cone 
penetrometer achieved significant cost and schedule savings on the actual remediation project. 
Cost savings were calculated at more than $620,000 compared to 1994 baseline cost, with 
additional savings expected in 1995. In addition, data from the penetrometer measurements were 
fed into the Solid Block Modeling system to more accurately model subsurface conditions. 

OTHER APPLICATIONS FOR COST AND SCHEDULE SAVINGS 

Application of Micro-Purge technology to groundwater sampling has also begun producing cost 
savings at the Fernald site. Micro-purge technology reduces the volume of water that must be 
purged from a well each time a sample is taken. This reduces the time required for sampling, 
increases sampling accuracy, and reduces the volumes of contaminated waste water. During 
1994, savings of $100,000 at Fernald were demonstrated. Savings from this technology will 
continue to be realized for the life of the project. Pioneered at Fernald, the micro-purge 
technology will have applications throughout the DOE environmental restoration network. 

In the summer of 1994, Fernald's tallest building, Plant 7, was removed using implosion 
technology. Implosion uses shaped charges to remove structural columns and splice plates on 
various floors so that the building will fall in on itself. The shaped charges act as a cutting tool 
by delivering approximately three million pounds of cutting force on the structural member. 

Implosion was selected at Fernald because it offered a technical approach that eliminated worker 
exposure to heights (the height of the building was 110 feet), it reduced exposure to burning of 
lead paint from 640 manhours to 25 manhours, reduced worker time in a radiation area by four 
weeks, and reduced torch cutting of steel coated with lead paint from 3,420 feet to 90 feet. 
Early concerns with the public perception of use of explosives on a contaminated structure were 
overcome when the DOE and FERMCO worked closely with stakeholders and explained the 
safety advantages and reviewed the mechanics of implosion in several public forums. Public 
confidence with the FERMCO-DOE approach supported implosion as an innovative approach 
in environmental restoration. 

The superstructure take-down required two implosions, but was the fastest and least-cost method 
that reduced the risks to craft personnel. Schedule improvement approximated six months, 
compared to baseline, and actual cost savings were calculated at approximately $5,000,000 from 
the innovative approach. 

ROBOTICS APPLICATIONS FOR SAFETY ENHANCEMENT 

The FEMP has also aggressively pursued the use of robotics to reduce human exposure to 
radioactive or hazardous materials and risk situations. In the recent past, Fernald has had two 
incidents of mower capsize. While no one was injured, these incidents represent a significant 



hazard that must be reduced. In addition to time expended donning and removing protective 
clothing, during summer months workers can be at risk of heat related disorders and discomfort 
during mowing operations. During 1994, a remote control lawn mower, as illustrated in Figure 
1, was tested at Fernald to perform vegetation control in areas of the site which are contaminated 
or have dangerous slopes. Following successful field trials, the equipment was accepted by 
FEMP site operations management for use by workers entering contaminated areas where 
protective clothing is required. While remote-control mowing may not seem revolutionary at 
first consideration, use of the advanced mower reduces costs, and, more importantly, reduces 
risks to workers. 

PLACE FIGURE 1 HERE 

A robotic waste retrieval device, dubbed "Houdini" by the developers, is currently being planned 
for use in the cleanup of three silos at Fernald (See Figure 2). Silos 1 and 2 contain K-65 
waste, a putty-like radium-bearing material. The robotic device is being developed to excavate 
"heel" and other hard-to-reach wastes, and thereby supplement the main hydraulic excavator, 
a sluicing pump, for the primary removal of wastes from the silos. The Houdini mechanism 
also will be designed to retrieve small objects which block the intake of the main excavator. 
Houdini consists of a folding, tracked base vehicle with a heavy-duty six-axis arm. The unit will 
be equipped with several tools, including a gripper, shears, hose reel assembly, and a scoop. 
The unit can be collapsed to enter openings as small as 24 inches in diameter. It will be 
environmentally and radiologically hardened, and designed to be easily decontaminated. 

PLACE FIGURE 2 HERE 

In Fernald Silo 3, which contains dry, powdery metal oxides, the robot will serve as the primary 
waste removal system, manipulating a vacuum nozzle to remove material form the silo. In all 
three silos, the innovative robot will be operating in environments where human entry is 
prohibited. 

Robotics development represents a good example of where technology users are relying on 
developers to provide a product for application of an improved remediation method. The 
advance was made possible by development of a good working relationship between the Fernald 
developer and user, and by the generous support and guidance of the DOE Office of Technology 
Development Robotics Program. 

HORIZONTAL GROUT BARRIER 
A wide range of technologies are being demonstrated at Fernald. Among those with potential 
broad application in both the DOE and private sectors is the Horizontal Grout Barrier. This 
promising new technology may be the solution to one of the most perplexing problems of 
environmental restoration. Leaching of contaminants from surface or near surface sources is one 
of the most serious threats to aquifers. Placing an impermeable barrier beneath the 
contamination source to block movement of contaminants into the aquifer has long been a goal 
of engineers. Fernald is pioneering efforts to develop enabling technology for installing 
horizontal grout barriers intended to provide a solution to total in situ containment of wastes. 



The Horizontal Grout Barrier combines directional drilling technology with advanced grouting 
technology developed in the oil service industry. Using directional drilling rigs, holes are drilled 
under the contaminated source. The holes are parallel and extend completely under the 
contamination source. The steel drill rods are then used to pull the grout injection system 
beneath the waste. Grout, injected at high pressure, cuts through the soil and mixes with it to 
form a continuous slab beneath the contamination source. 

URANIUM IN SOILS INTEGRATED DEMONSTRATION 

The most comprehensive technology demonstration at Fernald has been the Uranium in Soils 
Integrated Demonstration (USID). The uranium contamination in the soils at Fernald provides 
the appropriate conditions for demonstrating technologies for all stages of the restoration of 
uranium-contaminated soils. Since 1990, Fernald has supported demonstrations of technologies 
for real-time characterization of uranium contamination in soils, excavation and separation of 
the contaminated fraction from the soil, disposal of the contaminated fraction, and evaluation of 
treatment effectiveness. Soil washing technologies demonstrated at the site are under 
consideration for application to some of the cleanup challenges at Fernald. Although onsite 
storage is the current leading remedial alternative for restoration of Fernald soils, many 
technologies developed by the USE) are being implemented in direct support of the Fernald 
restoration, including technologies for characterization and risk models. Many of the 
technologies will also undergo further development in DOE's "Landfill Focus Area." The new 
Focus Area approach is designed to bring the technology developers into closer dialog with users 
to assure that end-user requirements can be met by developments, an approach similar to the 
method Fernald has used to successfully implement new technologies. 

CONCLUSIONS 

The demonstration and application of new technologies to the challenges of environmental 
restoration are essential if the costs of restoration are to be brought down. The technology 
program at Fernald offers an example of how development work can be conducted to yield a 
measurable, positive return on investment (savings). New technologies also promise to reduce 
risks to workers, provide quicker.solutions to cleanup challenges, and improve the overall 
quality of environmental restoration. The regulatory drivers for environmental restoration, 
however, force remediation managers in the field to make compliance with schedules a primary 
goal. Pragmatically, this means that environmental restoration managers will have little time 
to focus on potential application of unproven technologies. The authors believe that the 
following approach will facilitate development and application of new technologies to 
environmental restoration problems: 

• Field restoration and demonstration of new technologies must be pursued on separate, 
parallel tracks, with close schedule integration. 

• The overall technology development program must operate as a service organization that 
treats the technology user as a true "client." 

• Technology users must work with developers to articulate definitive performance 



requirements and companion needs to be integrated into development efforts. 

• Technology developers must place the end-users' needs foremost, including the need to 
be confident that new technologies will meet schedules. 

• There must be a "champion" for technology in the user organization who will 
aggressively advocate new technologies. 

• Environmental restoration managers should have technology application included in their 
performance standards. 

• Technology development efforts must accommodate stakeholder considerations from the 
outset. 

The DOE-FERMCO Technology Program has provided innovative and improved technologies 
to directly support FEMP restoration, which has resulted in demonstrated cost reductions, 
schedule savings, and improved operational safety. The measured savings and improvements 
at Fernald indicate the potential for significant cumulative savings and increased efficiencies 
through further applications at other sites. 
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